Abstract A variety of novel 2-methylquinazolin-4(3H)-one derivatives (1-29) bearing urea, thiourea and sulphonamide functionalities at position 3 of biological interest have been synthesized and screened for their anti-inflammatory (TNF-a and IL-6) and antimicrobial activities (antibacterial and antifungal). ''Biological evaluation study revealed that the compounds 3, 4, 6, 9, 16 and 18 were found to have promising anti-inflammatory activity (up to 62-84% TNF-a and 73-92% IL-6 inhibitory activity) at concentration of 10 lM with reference to standard dexamethasone (75% TNF-a and 84% IL-6 inhibitory activities at 1 lM) and 7, 10, 12, 23, 25 and 28 have antimicrobial activity at MIC of 10-30 lg/mL against selected pathogenic bacteria and fungi.'' ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Introduction
The current interest in the development of new antimicrobial agents can be partially ascribed both to the increasing emergence of bacterial resistance to antibiotic therapy and to newly emerging pathogens (Cohen, 2000; Barrett and Barrett, 2003) .
Despite a number of antibiotics available for the treatment of bacterial infections, emergence of multi-drug resistant organisms has posed a great challenge to the scientists and it is well known that non-steroidal anti-inflammatory drugs (NSAIDs) are associated with several side effects such as gastrointestinal mucosal damage, bleeding, intolerance and renal toxicity (Bombardier et al., 2000; Silverstien et al., 2000) .
Non-steroidal anti-inflammatory drugs (NSAIDs) are therapeutically important in the treatment of rheumatoid arthritis and in various types of inflammatory conditions, but their therapeutic utility has been limited due to their frequently observed gastrointestinal side effects. Thus, there is an urgent need for new targets that are required for the design and development of novel anti-inflammatory agents as an alternative to NSAIDs (Shishoo et al., 1999) . Tumour necrosis factor alpha (TNF-a) and interleukin-6 (IL-6) are the two important multifunctional pro-inflammatory cytokines involved in the pathogenesis of autoimmune, inflammatory, cardiovascular, neurodegenerative and cancer diseases through a series of cytokine signalling pathways (Papadakis and Targan, 2000; Krishnamoorthy and Honn, 2006) . IL-6 contributes to the initiation and extension of the inflammatory process and considered as a central mediator in a range of inflammatory diseases but it has not received the desired attention in drug discovery (Dominic and Raj, 2009 ). TNF-a and IL-6 are thus pharmaceutically important molecular targets for the treatment of the above-mentioned diseases. So there appears to be a need for the development of new, safer and more active NSAIDs and antimicrobial drugs with improved efficacy and better toxicity profile (Cohen, 1992) .
In medicinal chemistry quinazolin-4(3H)-one is a basic unit found in various naturally occurring bioactive alkaloids such as febrifugine, isofebrifugine, vasicinone, echinozolinone, etc. (Mhaske and Argade, 2006) and also the literature survey revealed that the presence of substitution at position 2 as well as at position 3 in it has been reported to be associated with the diverse range of pharmacological activities like antimicrobial (Grover and Kini, 2006; Nanda et al., 2007; Panneerselvam et al., 2009; Mohamed et al., 2010) , analgesic/anti-inflammatory (Maggio et al., 2001; Kumar et al., 2003; Alagarsamy et al., 2003a,b; Chao et al., 1999) , CNS depressant/anticonvulsant Kumar, 2002, 2004) , anti-cancer (Kamal et al., 2010) and anti-HIV, anti-viral/Cytotoxic (Dinakaran et al., 2003) . In addition the importance of functionalities like urea, thiourea and sulphonamide in medicinal chemistry is well recognized in the literature and the presence of which is often a major importance to activity. Quinazolinone bearing urea functionality have sedative-hypnotic/anticonvulsant/cytotoxicity/ anti-HIV-1/antimicrobial/CNS depressant activities (Kashaw et al., 2008 (Kashaw et al., , 2009 (Kashaw et al., , 2011 and thiourea functionality have analgesic/anti-inflammatory/antibacterial (Alagarsamy et al., 2003a (Alagarsamy et al., ,b, 2005 and anticonvulsant /analgesic/cytotoxic/ antimicrobial activities (Suresha et al., 2011) while quinazolinone bearing sulphonamide functionality have anti inflammatory and antimicrobial activities (Venkataraman et al., 2010; Patel and Patel, 2010) . Moreover, the potential of 2-methylquinazolin-4(3H)-one derivatives bearing urea, thiourea and sulphonamide functionalities as to their anti-inflammatory activity hitherto remained untested.
Motivated by the aforementioned literature and in persistence of our earlier work on different heterocyclic derivatives bearing urea, thiourea and sulphonamide functionalities (Keche et al., 2012a,b; Tale et al., 2011a,b) , we envisioned our approach towards design and synthesis of novel structurally diverse series of 2-methylquinazolin-4(3H)-one having urea, thiourea and sulphonamide functionalities at position 3, for their anti-inflammatory and antimicrobial activity. Therefore, a single molecule containing more than one pharmacophore, each with different mode of action could be beneficial for the treatment of inflammation and microbial diseases.
Results and discussion

Chemistry
Our synthetic strategy for a novel series of 2-methylquinazolin-4(3H)-one derivatives (1-29) bearing urea, thiourea and sulphonamide functionalities is illustrated in Scheme 1. The key intermediate 6,7-dimethoxy-2-methyl-4H-benzo [d] [1, 3] oxazin-4-one 1 was synthesized by the reaction of 3,4-dimethoxyanthranilic acid with acetic anhydride in 78% yield. The reaction of 1 with 1,2-ethylenediamine at reflux temperature for 2 h afforded 3-(2-aminoethyl)-6,7-dimethoxy-2-methylquinazolin-4(3H)-one (2) in 55% yield.
Having secured parent 3-(2-aminoethyl)-6,7-dimethoxy-2-methylquinazolin-4(3H)-one (2) in good yield, next, the desired 3-(2-aminoethyl)-2-methylquinazolin-4(3H)-one derivatives bearing urea (3-12), thiourea (13-22) and sulphonamide (23-29) functionalities were synthesized in good to high yields by reacting 2 with appropriate arylisocyanates, arylisothiocyanates and sulphonyl chloride respectively at room temperature under mild conditions. The purity of the compounds was checked by TLC and HPLC. Spectral data 1 H NMR, IR and MS of the newly synthesized compounds 1-29 were in full agreement with their proposed structures.
Biology
The synthesized compounds 1-29 were evaluated for in vitro anti-inflammatory activity against the pro-inflammatory cytokines (TNF-a and IL-6) by TNF-a and IL-6 inhibition assay (Hwang et al., 1993) and antimicrobial activity against various Gram-positive, Gram-negative bacteria and fungal strains by using the agar well diffusion method with little modifications (Sridhar et al., 2004) . Anti-inflammatory, antibacterial and antifungal activities of 2-methylquinazolin-4(3H)-one derivatives have been presented in Tables 1-3 and some interesting trend was observed as the lipophilicity as well as nature of the substituent presents on benzene ring of ureido, thioureido and sulphonamide terminus affecting the biological activity of the synthesized analogues.
Anti-inflammatory activity
As can be seen from Table 1 , compounds 3 and 16 exhibited the higher TNF-a (84% and 78%) as well as IL-6 (92% and 89%) inhibitory activity as compared to the standard dexamethasone but at higher concentration (10 lM) and found to be potent anti-inflammatory agents while compounds 4, 6, 9 and 18 exhibited comparable TNF-a (62%-72%) and IL-6 (73%-83%) inhibitory activity. Compounds 13, 20 and 26 exhibited moderate TNF-a (50%-52%) and IL-6 (62%-67%) inhibitory activity and rest of the compounds show very low to no activity at the same level of concentration (10 lM). It is to be noted that all these active compounds viz. 3, 4, 6, 9, 16 and 18 are either from urea or thiourea series, surprisingly only compound 26 having Cl at ortho and CF 3 at para position on the benzene ring of sulphonamide terminus from the corresponding sulphonamide series was found to be moderately effective against TNF-a (52%) or IL-6 (66%) and rest are almost very low to no active. This finding implicates that the presence of special chemical space viz. urea or thiourea in the novel 2-methylquinazolin-4(3H)-one scaffold is of immense importance in order to have moderate to potent antiinflammatory activity. The structure-activity relationship of these newly synthesized compounds is represented in Table 1 and it can be seen that anti-inflammatory activity can be attributed to the presence of urea or thiourea functionality in 2-methylquinazolin-4(3H)-one scaffold as the most potent compounds 3, 4, 6, 9, 16 and 18 are the derivatives bearing either urea or thiourea moiety and similar to our previously reported work [31] in this study also none of the members from the corresponding sulphonamide series (compounds 23-29) were found to be a potent anti-inflammatory agent. Here it is to be noted that the nature of the substituent present on the benzene ring of ureido or thioureido terminus is found to have strong influence on the activity which can be confirmed by the fact that the presence of lipophilic H-bond acceptor type functionalities like F, CF 3 or OCF 3 at ortho position is foremost to the moderately potent anti-inflammatory compounds 3, 4, 6, 9, 16 and 18. The compounds 3, 6 and 9 having F, CF 3 and OCF 3 at ortho position on the benzene ring of ureido terminus exhibited 84% -65% TNF-a and 92% -75% IL-6 inhibitory activity respectively and proved to be a moderately potent anti-inflammatory agent, while the presence of same substituent at para position on the benzene ring of ureido terminus leading to compounds 7 and 10 was found to have low TNF-a (17%-22%) and IL-6 (25%-31%) inhibitory activity. Similarly, the compounds 16 and 18 having F and CF 3 at ortho position on the benzene ring of thioureido terminus exhibited 78%-72% TNF-a and 89%-83% IL-6 inhibitory activity and proved to be a moderately potent anti-inflammatory agent, while the presence of same substituent at meta position on the benzene ring of thioureido terminus leading to compounds 17 and 19 was found to be inactive against TNF-a and very low IL-6 (11%-14%) inhibitory activity. Also it is to be noted that the electron donating group like OMe at ortho position on the benzene ring of thioureido terminus in compound 13 and lipophilic H-bond acceptor type group like di-CF 3 at meta position on the benzene ring of thioureido terminus in compound 20 show moderate TNF-a (52%-50%) and IL-6 (67%-62%) inhibitory activity, while OMe at meta and para position on the benzene ring of thioureido terminus leading to compound 14 and 15 showed low TNF-a (20%-28%) and IL-6 (35%-42%) inhibitory activity. As of now, though we have no concrete evidence in hand in support of the actual role of urea or thiourea functionalities on this activity, we can at least speculate that the H-bond donor ability of the urea or thiourea (not present in Table 2 Antibacterial activity of novel 3-(2-aminoethyl)-2-methylquinazolin-4(3H)-one derivatives containing urea, thiourea and sulphonamide functionalities. (MIC a values lg/ml). sulphonamide framework) along with the electronic effect of ortho or para substituent might be responsible for their antiinflammatory activity.
Antimicrobial activity
The antibacterial activity data are represented in Table 2 . As shown in our results, some analogues of this series were found to have even more potency than the standard drug ciprofloxacin while some of them have comparable potency. The compounds 10, 25 and 28 exhibited comparable or higher antibacterial activities than ciprofloxacin against each strain tested while compounds 7, 12, 15, 21 and 23 showed moderate to comparable antibacterial activities than ciprofloxacin according to the strain tested. Other compounds exhibited lower to no activities than ciprofloxacin.
The compound 10 bearing OCF 3 at para position on the benzene ring of ureido terminus is 1.3-fold more potent against Staphylococcus aureus (MTCC 96), Bacillus subtilis (MTCC 441) and Escherichia coli (MTCC 443) while 1.5-fold more potent against Salmonella typhimurium (MTCC 98) than standard drug ciprofloxacin and found to be the most potent antibacterial agent, but compound 7 bearing CF 3 at para position on the benzene ring of ureido terminus is almost 1.3-fold more potent against S.s aureus (MTCC 96) and comparable to other bacterial strains. Compound 25 bearing Br at ortho and CF 3 at para position on the benzene ring of sulphonamide terminus is 1.3-fold more potent against S.s aureus (MTCC 96), B.s subtilis (MTCC 441) while 1.5-fold more potent against S. typhimurium (MTCC 98) than standard drug ciprofloxacin. Interestingly compound 28 bearing OMe at para and meta position on the benzene ring of sulphonamide terminus is 1.5-fold more potent against S.s aureus (MTCC 96) and S. typhimurium (MTCC 98) while 1.3-fold more potent against E.s coli (MTCC 443) than standard drug ciprofloxacin.
Concerning the antifungal activity data represented in Table 3 , compounds 10 and 28 exhibited higher antifungal activities, while compounds 7, 12, 15, 21, 23 and 25 exhibited moderate to comparable antifungal activities than miconazole according to the strain tested.
The compound 10 is 1.3-fold more potent against Candida albicans (MTCC 227) and Aspergillus flavus (MTCC 277) while 1.5-fold more potent against Fusarium solani (MTCC 350) and compound 7 is almost 1.3-fold more potent against C. albicans (MTCC 227) and 1.5-fold more potent against F.s solani (MTCC 350) than standard drug miconazole. Interestingly compound 28 is 1.3-fold more potent against C. albicans (MTCC 227) and Aspergillus flavus (MTCC 277) while 1.5-fold more potent against Aspergillus niger (MTCC 281), F.s solani (MTCC 350) than standard drug miconazole and found to be the most potent antifungal agent.
From the above activity data we come to a conclusion that, the compound 10 bearing OCF 3 at para position on the benzene ring of ureido terminus and the compound 28 bearing OMe at para and meta position on the benzene ring of sulphonamide terminus are the most potent antimicrobial agents followed by compound 25 bearing Br at ortho and CF 3 at para position on the benzene ring of sulphonamide terminus. The high potency or comparable activity of compounds 7, 10, 23 and 25 may be attributed to the presence of lipophilic H-bond acceptor type groups like CF 3 , OCF 3, Cl, and Br at para position on the benzene ring of urea and sulphonamide functionalities while compounds 12 and 28 may be due to the presence of electron donating groups like OMe or Me at meta and para position on the benzene ring of urea and sulphonamide functionalities.
It is clear from our results ( Table 2 vs. Table 3 ) that the SAR of 2-methylquinazolin-4(3H)-one derivatives bearing urea, thiourea and sulphonamide functionalities for antibacterial activity strongly correlates with their SAR of antifungal activity. To our surprise, none of the most active anti-inflammatory agents 3, 4, 6, 9, 16 and 18 were found to be active antibacterial or antifungal agents against all the bacteria or fungi screened but importantly indicate the low toxicity associated with them and should be considered as ideal anti-inflammatory agents.
Conclusion
In conclusion, the intention of the present study was to synthesize and investigate the anti-inflammatory and antimicrobial activities of novel structurally diverse 2-methylquinazolin-4(3H)-one derivatives bearing urea, thiourea and sulphonamide functionalities with the hope of discovering a new structure leads serving as an anti-inflammatory or antimicrobial agents. With little exception, overall it has been observed that the urea or thiourea was found to be favourable in structural feature for the anti-inflammatory activity, while no particular trend was observed for antimicrobial activity. Thus the presence of substituents such as F, CF 3 or OCF 3 at ortho position on the benzene ring of urea or thiourea terminus was found to have strong relevance to the anti-inflammatory activity while CF 3 , OCF 3 , Cl, and Br at para position and OMe or Me at meta and para position on the benzene ring of urea, thiourea and sulphonamide terminus were found to be effective antimicrobial agents. Thus the nature and position of the substituent were found to be crucial to improve the activity.
Experimental
General
All commercial chemicals and solvents are of reagent grade and were used without further purification. The thin layer chromatography was performed on Merck pre-coated silica gel 60 F 254 plates, with visualization under UV light. (1) (1 equiv) and 1,2-ethylenediamine (excess) was directly heated at 120°C for 2 h with continuous stirring and reaction monitored by TLC in ethyl acetate-petroleum ether (4:6). The reaction mixture was then poured in ice cold water and extracted with ethyl acetate. Organic layer was washed by fresh water and brine, dried on Na 2 SO 4 and concentrated under reduced pressure to afford crude product, which was purified by silica gel (100-200 #) column chromatography in 30% ethyl acetate petroleum ether as eluent to obtain a title compound as reddish solid. Yield 55%, mp 253-255°C 
General procedure to synthesize compounds 3-12
To a solution of 3-(2-aminoethyl)-6,7-dimethoxy-2-methylquinazolin-4(3H)-one (2) (1 equiv) in THF (10 ml) different substituted isocyanates (1.1 equiv) were added. Resulting reaction mixture was stirred at room temperature for 1-2 h and progress of reaction monitored by TLC in ethyl acetate-petroleum ether (4:6). Resulting reaction mixture was diluted with hexane and obtained solid was filtered to afford crude product, which was purified by silica gel (100-200 #) flash column chromatography in ethyl acetate petroleum ether (40:60) as eluent to obtain a title compound in moderate to good yield.
Synthesis of 1-(2-(6,7-dimethoxy-2-methyl-4-oxoquinazolin-3(4H)-yl) ethyl)-3-(2-fluorophenyl) urea (3)
Yield 81%, mp 232-234°C; 
(N-H str), 3153 (C-H), 1561 (C‚O urea), 1300 (C-F), 1240 (C-O), 1173 (C-H), 751 (C-N); MS (APCI); m/z 412.92[MÀH]
À ; HPLC; 96%. 
Synthesis of 1-(2-(6,7-dimethoxy-2-methyl-4-oxoquinazolin-3(4H)-yl) ethyl)-3-(2-(trifluoromethyl) phenyl) urea (6)
White
General procedure to synthesize compounds A13-A22
To a solution of 3-(2-aminoethyl)-6,7-dimethoxy-2-methylquinazolin-4(3H)-one (2) (1 equiv) in THF (10 ml), different substituted isothiocyanates (1.1 equiv) were added. Resulting reaction mixture was stirred at room temperature for 1-2 h and progress of reaction monitored by TLC in ethyl acetatepetroleum ether (4:6). Resulting reaction mixture was diluted with hexane and obtained solid was filtered to afford crude product, which was purified by silica gel (100-200 #) flash column chromatography in ethyl acetate petroleum ether (40:60) as eluent to obtain a title compound in moderate to good yield. Synthesis of novel 2-methylquinazolin-4(3H)-one derivatives4.5.1. Synthesis of 1-[2-(6,7-Dimethoxy-2-methyl-4-oxo-4H-quinazolin-3-yl)-ethyl]-3-(2-methoxy-phenyl)-thiourea (13) White solid, Yield 86%, mp 178-180°C; 1 H NMR (DMSO-d 6 , 300 MHz, d ppm): 9.00 (s, 1H), 7.91 (brs, 1H), 7.52 (d, 1H, J = 6.4 Hz), 7.39 (s, 1H), 7.10-7.27 (m, 1H), 7.06 (s, 2H), 6.89 (t, J = 7.6 Hz, 1H), 4.20 (t, J = 5.9 Hz, 2H), 3.87 (s, 6H), 3.60-3.80 (m, 5H), 2.61 (s, 3H); IR (KBr) mmax/cm 1H), 7.51 (t, 1H, J = 1.8 Hz), 2H), 7.04 (s, 1H), 4.24 (t, J = 5.9 Hz, 2H), 3.87 (s, 3H), 3.84 (s, 3H), 2H) + ; HPLC; 97%.
General procedure to synthesize compounds A23-A29
To a solution of 3-(2-aminoethyl)-6,7-dimethoxy-2-methylquinazolin-4(3H)-one (2) (1 equiv) in DCM (10 ml), different substituted sulphonyl chlorides (1.1 equiv) and triethylamine (1.1 equiv) were added. Resulting reaction mixture was stirred at room temperature for 1-2 h and progress of reaction monitored by TLC in ethyl acetate-petroleum ether mixture (3:7).
Resulting reaction mixture was diluted with DCM and water added. Separated organic layer was washed by fresh water and brine, dried on Na 2 SO 4 and concentrated under reduced pressure to afford crude product, which was purified by silica gel (100-200 #) flash column chromatography in ethyl acetate petroleum ether (30:70) as eluent to obtain a title compound in moderate to good yield. Pro-inflammatory cytokine production by lip polysaccharide (LPS) in THP-1 cells was measured according to the method described by Hwang et al. (1993) . During assay, THP-1 cells were cultured in RPMI 1640 culture medium (Gibco BRL, Paisley, UK) containing 100 U/mL penicillin and 100 mg/ mL streptomycin containing 10% foetal bovine serum (FBS, JRH). Cells were differentiated with phorbol myristate acetate (PMA, Sigma). Following cell plating, the test compounds in 0.5% DMSO were added to each well separately and the plate was incubated for 30 min at 37°C. Finally, LPS (E. coli 0127:B8, Sigma Chemical Co., St. Louis, MO) was added, at a final concentration of 1 lg/mL in each well. Plates were further incubated at 37°C for 24 h in 5% CO 2 . After incubation, supernatants were harvested, and assayed for TNF-a and IL-6 by ELISA as described by the manufacturer (BD Biosciences).
Antibacterial assay
Newly synthesized compounds were screened for their antibacterial activity against selected Gram-positive organisms viz. S.s aureus (MTCC 96), B.s subtilis (MTCC 441) and Gram-negative organisms viz. E.s coli (MTCC 443), S. typhimurium (MTCC 98) bacterial strains by the agar well diffusion method with little modification (Sridhar et al., 2004) . Different concentrations (10-200 lg/ml) of test compounds were prepared in DMSO. The bacterial suspension was spread over nutrient agar plates and the well with of 6 mm diameter was punched with sterile cork borer. The sample (50 lL) was added to the well and the plates were incubated at 37°C for 24 h. Respective solvent control (DMSO) was kept and ciprofloxacin was used as standard antibacterial agent. The lowest concentration of compound which completely inhibits the bacterial growth was taken as minimum inhibitory concentration (MIC). Minimum inhibitory concentrations (MIC) were noted (Table 2) .
Antifungal assay
Newly synthesized compounds were screened for their antifungal activity against C. albicans (MTCC 227), Aspergillus niger (MTCC 281), F.s solani (MTCC 350) and Aspergillus flavus (MTCC 277) by the agar well diffusion method with little modification (Sridhar et al., 2004) . Normal saline was used to make a suspension of spores of fungal strain. The fungal suspension was spread over potato dextrose agar plates and the wells of 6 mm diameter were punched with sterile cork borer. The sample (50 lL) was added to the well and the plates were incubated at 37°C for 2-3 days. Respective solvent control (DMSO) was kept and miconazole was used as standard antifungal agent. The lowest concentration of compound which completely inhibits the fungal growth was taken as minimum inhibitory concentration (MIC). Minimum inhibitory concentrations (MIC) were noted (Table 3 ).
